Bladder cancer (BC) is one of the leading causes of cancer-related deaths worldwide. Despite, the majority of the cases were diagnosed as non-muscle invasive bladder cancer (NMIBC) with favorable prognosis, it has tendency to recur or progress to a higher grade or stage. The first line treatment of patients with NMIBC is transurethral resection with adjuvant therapies primarily intravesical Bacillus Calmette-Guérin (BCG) immunotherapy. However, in a portion of patients whose BCG treatment failed, alternative treatments may be required. Furthermore, intravesical BCG may be contraindicated in or untolerated by a group of patients. For these patients, some treatment options are readily available and a variety of them are currently under clinical investigation. In this review, these alternative therapies have been summarized.
Introduction
Bladder cancer (BC) is a serious health problem with an estimated 430.000 new cases and 165.000 deaths in 2012 worldwide.
[1] The age-standardized incidence rates were found to be 9.0 per 100.000 men and 2.2 per 100.000 women (male/female ratio: 4.1). While BC has a strong association with gender and age, rates are also associated with the human development index (HDI). The HDI is a summary measure of average achievement in key dimensions of human development ie. a long and healthy life, being knowledgeable and have a decent standard of living. The highest rates of BC were reported to be in men from countries with very HDIs (16.7 and 3.7 per 100.000 for men and women, respectively); whereas the lowest rates were from countries with low HDIs (3.1 and 1.4 per 100.000 for men and women, respectively). Despite these high rates in countries with high HDIs, the mortality rates were higher (0.48 vs. 0.26) in less developed countries compared with the developed ones. [2] Bladder cancer develops from the epithelium (urothelium) covering the inner surface of the bladder and specifically named as an "urothelial" carcinoma. Non-muscle invasive bladder cancer (NMIBC) corresponds to disease confined to mucosa and submucosa (stages Ta, T1 or carcinoma in situ [CIS] ); which accounts for 75% of the newly diagnosed cases. During the course of NMIBC, as many as 50-70% of the cases will recur and roughly 10-20% of them will invade muscularis propria (muscle-invasive disease). [3] Treatment of NMIBC includes transurethral bladder tumor resection (TUR-BT) with risky use of adjuvant intravesical treatments. Adjuvant treatment after TUR-BT is generally categorized by risk groups that combine pathologic and clinical features. [4] Summarizing the tumors with risk groups as "low", "intermediate" and "high" risk for recurrence and progression generally helps the physician to counsel patients regarding intensity of surveillance and treatment.
Bacillus Calmette-Guérin (BCG) vaccine is an immunotherapeutic agent that was developed from Mycobacterium Bovis and its mechanism of action is not completely elucidated. However, it is known that BCG activates the immune system by adhering to urothelium and tumor cells through the action of fibronectin. [7] After being internalized, MHC class II molecules are upregulated and cytokine production is increased leading to immune mediated cytotoxicity. [7] A recent systematic review suggested that 6 weeks of induction therapy with BCG is associated with a decreased recurrence (RR 0.56 95% CI 0.43-0.1) and progression (RR 0.39, 95% CI 0.24-0.64) risk compared to TUR-BT alone. [8] Some patients may have contraindications to BCG and some patients and physicians may prefer to use intravesical chemotherapy in recurrent low grade tumors. Several agents are being used for intravesical chemotherapy; primarily exert their effects by disrupting DNA synthesis, such as mitomycin C (MMC) which is the most commonly used chemotherapeutic agent. However, maintenance therapy with BCG seems to be superior to intravesical MMC chemotherapy in terms of recurrence accounting for 32% reduction in recurrence rates with BCG compared to MMC. [9] Meanwhile, no statistical significant difference between BCG and MMC in terms of disease-progression and mortality rates was found.
Despite being an effective drug, 20-40% of the patients undergoing BCG treatment experience recurrence and every course of additional treatment increases this risk around 7 percent. [10] More importantly, around 20% of the patients progress to muscle invasive state. [3, 6] Generally, radical cystectomy (RC) is encouraged in case of failure of BCG; as categorized in Table 2 and schematized in Figure 1 , but it is not always a viable option due to multiple comorbidities or reluctance of the patients to undergo such a morbid surgery. [6] Consequently, the aim of this review is to discuss alternative treatment regimens depicted in Table 3 in patients with NMIBC. 
Clinical research consequences Valrubicin
Valrubicin is the only FDA approved agent for salvage therapy of CIS in BCG-unresponsive patients. It is a semisynthetic analogue of anthracycline doxorubicin that was launched in 1999 but withdrawn because of manufacturing issues and consequently relaunched in 2009. Different from doxorubicin, valrubicin passes the cystoplasmic membrane rapidly and accumulates in the cytoplasm leading to cytolytic cell death. This potential advantage was demonstrated in a marker lesion study. [11] Steinberg et al. [12] evaluated intravesical valrubicin in 90 patients with recurrent CIS after at least 2 prior courses of intravesical therapy. The authors reported complete response in 19 patients (21%) at 3-6 months of follow-up and 7 of these were disease free at a mean follow-up 30 months. The median time of failure in complete responders was 18 months or more. In a further study, Dinney et al. [13] estimated the chances of undergoing cystectomy ın patients with failed BCG treatment, intolerance to BCG or for BCG-naïve cases as 12, 24 , and 30% at 6 months, 1, and 2 years, respectively.
Gemcitabine
Gemcitabine (GEM) is a deoxycytidine analogue that inhibits DNA synthesis and is currently being used as a component of systemic chemotherapy for muscle-invasive BC (MIBC). It is relatively safe at standard intravesical concentrations (2000 mg/day) with minimal absorption to systemic circulation. Ablative efficacy of GEM was investigated in a marker lesion study, and complete response rate was found to be 44% in a weekly single dose group; whereas 56% of the patient cohort was found to have new tumor occurrences. [14] A similar study observed complete response in 22 out of 39 (56%) intermediaterisk NMIBC patients and no progression was observed among non-responding patients. [15] In a phase II study, Bartoletti et al. used GEM once a week for 6 weeks with an intravesical dosage of 2000 mg in 116 patients with intermediate-high risk BC. [16] In the intermediate risk group, 21 of 81 patients (25.9%) had recurrence (2 cases with disease-progression) whereas, in the high risk group 27 of 35 patients (77.1%) experienced recurrences (5 cases with disease-progression) after 1 year. Tumor recurrence was observed in 35.2% (13/40) and 21% (16/76) of the BCG-relapsing, and BCG naïve patients, respectively. The treatment was well tolerated and no greater risk of toxicity was observed. Meanwhile, the study by Porena et al. [17] demonstrated a significant advantage for BCG in terms of recurrence rates (28.1% vs. 53.1%, p=0.037) after a mean follow-up of 44 months. No patients in this study developed disease progression. Additionally, Addeo et al. [18] , compared 6-week course of GEM with 4-week course of MMC in an RCT. Responders of the induction therapy further received maintenance therapy consisting of 10-monthly MMC treatments. After a median followup of 36 months, the relative risk of recurrence (0.72 vs. 0.94, p=0.29) and the rate of disease progression by stage was not statistically significantly different (11% vs. 18%, p=0.14) for intravesical GEM and MMC therapies, respectively. However, GEM demonstrated a significant disease-free survival (DFS) advantage (p=0.0021) over MMC and a better safety profile.
On the other hand, Di Lorenzo et al. [19] reported a better 2-year recurrence-free survival (3% vs. 19%, p<0.008) with BCG compared to GEM in cases with BCG failure. However this trend was not verified for disease-progression (37.5% vs. 33%, p=0.12) and both groups had similar rates of patients undergoing RC. Consequently, despite better toxicity profile GEM alone is not generally used as primary therapy but may have a role in patients with BCG failure; who do not wish to undergo RC.
Interferon 2α
Interferon (IFN) is a local immune booster that may enhance the local antitumoral activity of immunotherapeutics. With this concept, Joudi et al. [20] published the outcomes of phase II trial of BCG plus IFNα combination therapy in BCG-naïve and BCG-failure (recurrence any time in the past but not deemed as BCG intolerant) patients. The authors used standard dose BCG with 50 IU IFNα for BCG naïve patients whereas; one third of the standard dose with IFNα in patients with recurrent disease. At 24 months, 59% vs. 45% (p<0.0001) of these patients were disease free. Multivariant analysis revealed that T1 disease, tumor size >5 cm, multifocality and prior BCG therapy were significant risk factors for recurrence. In a further analysis, Gallagher et al. [21] evaluated the effect of the interval to recurrence after BCG therapy on the subsequent response to intravesical BCG plus IFN-α therapy. The authors reported a comparable recurrence rate for patients with BCG failure after 12 months of remission relative to BCG naïve patients. Similarly, Nepple et al. [22] found no difference in terms of recurrence-free survival after a 24-month median follow-up; when IFNα and daily allowance vitamins were added to maintenance treatment with BCG (63% vs. 55%, p>0.05) in a prospectively randomized trial. Accordingly, adding IFNα to BCG does not improve the oncological outcomes of the patients.
Taxanes
Taxanes such as docetaxel and paclitaxel are cytotoxic agents that stabilize microtubules against depolymerization leading to cell cycle arrest and death. Laudano et al. [23] reported the clinical outcomes of a phase I trial of intravesical use of docetaxel as 6 weeks induction therapy in patients with at least one course of failed BCG therapy. Of 18 patients, 4 patients had demonstrated complete, and 3 patients partial responses; whereas 11 patients had failed treatment without significant toxicity after a median follow-up of 48.3 months. The updated version of the study with 33 patients revealed a complete response rate of 61% at postinduction cystoscopy (67% who received the dose of 75 mg/100 mL) and 2 year recurrence-free survival rate was given as 32% in patients with and without monthly maintenance therapy. [24] However, among 10 patients who maintained disease-free status, 7 had received maintenance therapy.
One of the problems faced in taxanes and other high-molecular weight chemotherapeutics is their low solubility in water leading to poor drug uptake into the bladder tissue. For this reason, researchers synthesize substances to make taxanes highly soluble in water. For instance, PMB30W increases the solubility of paclitaxel 1000-fold higher than in water. Tamura et al. [25] investigated the impact of PMB30W coupled with paclitaxel in comparison with cremophor; the conventional solubilizer of paclitaxel, on BC using an orthotopic BC model. The authors reported that the paclitaxel concentration in the bladder tumors was significantly higher in the paclitaxel-PMB30W group in comparison with paclitaxel-cremophor group. Meanwhile, more reduction in bladder wet volume was also achieved with paclitaxel-PMB30W compared with paclitaxel-cremophor. More research is needed to deliver the drugs to target tissue in the unique conditions of bladder within a limited amount of time.
Combination chemotherapeutics
Intravesical delivery of chemotherapeutic combinations is an attractive idea for the prevention of disease-progression to MIBC since similar to the systemic therapy for MIBC, single agents in NMIBC do not provide enough efficacy to control disease. For this purpose, researchers have introduced a genetically engineered mouse (GEM) model. Briefly in this model 
Checkpoint inhibitors
Vaccines Radiotherapy p53 and Pten; the major tumor suppressor genes were deleted by delivery of adenovirus expressing Cre recombinase (Adeno-cre) into the bladder lumen. These tumor suppressor gene-deficient mice develop CIS in 8 weeks and CIS progresses to invasive disease in 5-6 months of age. [26] With this model, Delto et al. [27] compared cisplatin, GEM and/or docetaxel, alone or by combining maximum 2 agents for a biweekly instillation to determine whether these treatments inhibit tumor progression. The authors reported that bladder weights of mice treated with GEM reduced 5.4-fold (p=0.02); whereas those threated with docetaxel and cisplatin reduced 1.8 and 3.73-fold respectively. Moreover, the reduction in bladder weight was 7.6-fold, 6.0-fold and 4.53-fold for GEM-docetaxel, GEM-cisplatin and docetaxel-ciplatin combinations. Thus the authors concluded that GEM was the most effective chemotherapeutics for prevention of disease-progression into muscle invasive state. Other in vitro studies revealed that paclitaxel plus cisplatin and doxorubicin plus mitomycin might be good combinations. [28, 29] In a clinical study, Chen et al. [30] retrospectively compared an intravesical cocktail including MMC, doxorubicin and cisplatin with single agent doxorubicin and BCG. Both doxorubicin and BCG groups received 6 weeks of induction therapy followed by a 3 year maintenance therapy; whereas the cocktail group had 3 weekly instillations of sequential MMC, doxorubicin and cisplatin and also received maintenance therapy with the same schedule. After a mean follow-up of 50 months, the cocktail group had a lower disease-progression rate (4.4% vs. 17.2% for doxorubicin and 12.7% for BCG) in spite of having more unfavorable features. Recurrence rate was higher in doxorubicin group while it was almost the same in BCG and cocktail groups. Furthermore, discontinuation rate was far better for the cocktail group (16.5%) compared with the BCG group (22.5%). Meanwhile, some other multi-agent combination studies such as cabazitaxel+GEM+cisplatin (NCT02202772) are under investigation. Accordingly, despite considerable effort with the idea of overcoming drug resistance with combinations of drugs, currently no intravesical drug combination is widely utilized. [31] Others Keyhole limpet hyocyanin (KLH) is a strong humoral and cellular immune-stimulant in both experimental animal models and humans. It is filtered from hemolymph of Megathura cranulata, also called the giant keyhole limpet, a native sea creature in Southern Carolina and Mexico. After some phase I and phase II studies showing limited side effect profile, Lammers et al. [32] evaluated the intravesical use of KHL in a prospective randomized phase III trial in comparison with MMC. In the KLH arm, patients were started on intracutaneous injections of 1 mg KLH (up to 4 times) before immunization until delayed-type hypersensitivity response was obtained. Patients in KLH arm received a total of 16 intravesical instillations in 9 months; whereas patients in the MMC group received 11 instillations in 12 months. The authors showed that receiving KLH is associated with more recurrences in patients with intermediate-high BC without CIS. There was also no reduction in stage-adjusted disease-progression.
Mycobacterium phlei cell wall-nucleic acid complex (MCNA) contains mycobacterial cell wall fragments complexed with nucleic acid oligomers derived from Mycobacterium Phlei or other mycobacteria species. [33] It is a rational idea to use BCG structural extracts instead of mycobacterium itself to avoid the potential side effects of live mycobacterium such as BCG cystitis, reactive arthritis and even interstitial pneumonitis. [34] MCNA exerts its antitumoral activity with both direct cytotoxic and immune-mediated mechanisms. It has been shown that MCNA has negative direct effect on cell proliferation and viability leading to the death of tumor cells. [35] Furthermore, it stimulates production of IL-12 which also has an anti-cancer activity. [35] In a multi-institutional study, Morales et al. evaluated the efficacy and safety of intravesical MCNA in patients who failed BCG treatment. [36] The study comprised a 6 week induction phase and a maintenance phase; in which 129 patients were to receive 3-or 6-(re-induction) weekly instillations at month 3 followed by 3 weekly instillations at months 6, 12, 18 and 24. The authors reported DFS rates of 25, and 19% at 1, and 2 years, respectively. DFS at 1 and 2 years were 35.1% and 32.2% for papillary only lesions, 25% and 16.1% for CIS only lesions and 13.3% and 8.9% for CIS + papillary lesions, respectively. Patients with BCG relapse had better RFS than those with BCG-refractory disease (22.1% vs. 15.8% at 1 year). Thus, the authors concluded that MCNA is comparable with valrubicin, the only FDA approved agent for CIS. This study completed with 99% compliance with the number of planned instillations. As an advantage, MCNA might be used during the early postoperative period of TURBT similar to other cytotoxic agents such as MMC or epirubicin used for chemoresection of the tumors. Despite these promising outcomes, this drug failed to have FDA approval because of a lack of control arm, small size of the study and ill-defined patient population of the related studies.
Mistletoe lectin (ML) is a semi-parasitic plant used for decades in Europe for different diseases. In vitro studies have shown that it has cytotoxic effects on cancer cells with its antiproliferative, antimetabolic, cytotoxic and immunomodulatory effects. [37] In a prospective Phase II trial, Goebel et al. evaluated the influence of subcutaneously applied ML on pTa G1-2 tumor recurrence in 45 patients. ML was applied twice a week for 3 months, which was followed by a therapy-free period and then a second cycle was initiated. [38] After a follow-up of 18 months, the number of recurrences and recurrence free intervals were not different in ML group in comparison with control group. Elsasser-Beile et al. [39] assessed the intravesical use of ML in group of patients with pTa and PT1, grades 1 or 2. The authors used ML weekly for 6 weeks with increasing doses up to 5.000 ng/mL. The study had no control group but revealed a similar recurrence rate (30%) when compared with a historical group.
Apaziquone is a synthetic alkylating agent that is converted to its cytotoxic metabolites after enzymatic activation by deoxythymidine-diaphorase. After an extensive preclinical evaluation and marker lesion study, two phase III trials evaluated the immediate use of apaziquone following TURBT for Ta/T1 disease. [40] These studies were designed to detect a 12% absolute difference between apaziquone and placebo in the primary endpoint (2-year recurrence rate) at 5% level of significance and powered at 80%. However, both trials with 6.6% (SPI-611) and 6.2% (SPI-612) reductions in recurrence rates when compared with the placebo groups failed to achieve this outcome. Thus, recently FDA voted against approving apaziquone for the immediate use after TURBT. Currently another phase III trial (NCT03224182) using 8 mg of apaziquone for immediate intravesical installation is ongoing. Subsequently, Hendricksen et al. [41] evaluated the efficacy of 4 mg in 40 mL apaziquone as 6 week induction therapy in patients with intermediate-high risk BC in a phase 2 study. Of 49 patients with intent-to-treat analysis, 34.7% and 44.9% of them experienced tumor recurrence at 12 and 18 months, respectively. The authors compared this outcome with EORTC risk tables and found it within the normal range (24%-61%) for 1 year. While 92% of the patients had some type of side effects which was thought to be comparable with recurrence rates reported for other chemotherapeutic drugs.
Device assisted therapies Chemothermotherapy
Despite, MMC being considered as a sufficient drug in the first line setting, only 19% of the patients with one course of failed BCG treatment remained free of recurrences. [42] Since better longer term success rate (averages 35%) with second course of BCG treatment was reported, intravesical MMC is generally not considered for BCG-relapsing patients. [43] However, combination of MMC with thermotherapy is a promising treatment alternative. The idea of using heat for treating cancer is not new but in recent years combined use of chemotherapy and heat as "chemothermotherapy" (CHT) has been evaluated for patients with high risk disease and failed BCG treatments. It is known that the distance over which MMC concentration decreases by one-half was 500 microns and the MMC concentrations of 5.6 mcg, 2.7 mcg and 0.9 mcg have been found for urothelium, lamina propria and detrusor muscle, respectively. [44] The rationale of CHT generally depends on the improvement of efficacy of MMC which is based on tumor cell toxicity, altered blood flow and localized immune response. [45] The most commonly used device is Synergo HT system (Medical Enterprises Europe B.V., Amstelven, The Netherlands); which uses 915-Mhz intravesical microwave antenna integrated in a 20F treatment catheter for increasing the heat of bladder epithelium up to 41-44°. Meanwhile, MMC is circulated through a closed circuit and subsequently cooled to prevent overheating of the urethra. This concept was evaluated for the first time in a randomized trial in 2003; which was updated in 2011. Briefly, Colombo et al. [46] reported the outcomes of 65 patients with Ta-Ta and G1-3 BC who were randomized to receive intravesical chemohyperthermia (CHT) with MMC or intravesical MMC alone. All patients received 8 weekly, 60 min treatment sessions, followed by 4-monthly sessions. The 10 year DFS and bladder preservation rates for the CHT and chemotherapy arms were 53% and 15% (p<0.001); 86.1% and 78.9% (p=0.129), respectively. Subsequently, a review of CHT using 15 original non-randomized articles published until 2011 compared CHT with intravesical MMC alone. [47] The authors reported 59% lower recurrence rates after CHT in comparison with MMC alone and bladder preservation rate was 87.6%. However, the authors could not make any definitive statement on the role of CHT in patients with failed intravesical treatments because of the heterogeneous intravesical regimens. Despite this deficit, they mentioned that a significant number of these patients were salvaged with CHT. Side effects of CHT were generally found to be mild and reversible. The most common side effects were bladder spasms and bladder pain encountered in 21.6% and 17.5% of the patients, respectively. Of note, serious burn injuries were not reported but as a thermal reaction a small, superficial, darkly, discolored patch was seen on the posterior wall in 40.2% of the patients.
Despite being widely accepted in Europe for years, a multiinstitutional RCT comparing CHT with BCG has been recently reported. Arends et al. [48] randomized 190 patients to CHT including 6 weeks induction (30 min treatment schedules with 20 mg MMC) and 6 maintenance treatments and 1 year classical BCG immunotherapy. The authors reported 2 year RFS as 81.1% vs. 64.8% in favor of CHT in per protocol analysis. Regarding CIS patients, complete response rates were not significantly different (88.9% vs. 85.7%). Progression to muscle invasive state was seen in 1 patient in the BCG group whereas no patients experienced this outcome in the CHT group. Nine (1 contracted bladder) and 5 serious adverse reactions were encountered in the study groups, respectively. The most rationale use of this technology was seen in patients with failed BCG treatment. A study involving 111 patients revealed DFS rates of 85% and 56% at 1 and 2 years, respectively. [49] This outcome is probably the best of the treatment alternative used for BCG failures up to date. Despite these promising outcomes, some questions such as the number and duration of sessions and the need for maintenance therapy have remained to be answered. Moreover, high cost of the disposable catheters is another challenging issue.
On the other hand, a recent mathematical model challenged the internal application of heat since it was speculated that heating the solution to 42° outside the bladder and then circulating it within the bladder has the same effect with using the antenna and heating the fluid inside the body. [50] By using a device (Unithermia, Elmedical Ltd, Hod-Hasharon, Israel) for the application of this principle, Soria et al. [51] aimed to evaluate the efficacy of this device in patients with TA-T1, G1-2 NMIBC relapsing after BCG treatment. The authors used 45 min treatments with 40 mg of MMC in 34 patients with minimum follow-up of 24 months. Overall, initial treatment response rate was found to be 59% and 44.1% in patients who remained disease free after a median follow-up of 41 months. As an advantage the cost of disposables of Unitermia is less than Synergo. Consequently, CHT in either form has potential to be widely used especially for patients whose disease recurred despite application of BCG.
Electromotive drug administration
Electromotive drug administration (EMDA) relies on the enhancement of drug penetrance through the bladder wall by using electrical current. [45] In vitro studies have shown that EMDA increases MMC delivery by 4-7 times in comparison with passive diffusion. [52] Briefly, intravesical EMDA is given by a battery operated generator delivering a controlled electric current that passes from the active (integrated to the urethral catheter) to the ground electrodes pasted on the skin of the patient. Using this technique, Di Stasi et al. compared 6 weeks of induction therapy plus monthly BCG treatment for 9 months with sequential use of BCG and EMDA with MMC (EMDA-MMC) with an RCT including 212 patients. [53] In the latter protocol, patients received BCG for 2 weeks followed by 40 mg EMDA-MMC once a week as one cycle for 3 cycles. Furthermore, the latter group also received EMDA-MMC once a month for 2 months and followed by BCG once a month as one cycle for 3 months. After a median follow-up of 88 months, 41.9% and 57.9% (p=0.0012) of the patients were disease free in the BCG only and EMDA-MMC groups, respectively. In another RCT, the same group compared immediate pre-TURBT instillation of 40 mg EMDA-MMC with TURBT alone and immediate post-TURBT instillation. [54] After a mean follow-up of 86 months, 124 patients in the first group had lower rate of recurrence (38%) than the 124 (64%) and 126 (59%) patients in the second and third groups, respectively. Meanwhile, disease-free intervals for the study groups were 52, 12, and 16 months, respectively. The authors noted improvement in intermediate and high risk groups and patients with multifocal disease and no significant concerns were raised regarding safety of the drug and used technique.
Future concepts
In the management of BC, clinical parameters such as current grading and staging systems are insufficient for foreseeing the patients' future. Additional tools are needed for optimizing the treatment and human genome is probably the most valuable source for this purpose. Van Allen et al. [55] showed that ERCC2 (a nucleotide excision repair gene) mutation detected by whole-exome sequencing is associated with cisplatin response. Similarly, ERCC1, BRCA1, P53 were found to be useful for the prediction of sensitivity to cisplatin; whereas hENT1 and RRM1 are reported as beneficial for GEM. [56, 57] Thus, comparable with the other cancers such as breast and lung cancers, the revolutionary "genome medicine" will allow prediction of drug sensitivity and tailor the individualized approaches. Moreover, since BC is one of the easiest cancers in the body to obtain tumor tissue, we might use in vitro assays of BC for predicting drug resistance for effective intravesical chemotherapies to be applied in the future.
Targeting cancer cells with genetically engineered oncolytic viruses is another promising concept. Briefly, the replication ability of oncolytic viruses has been modified to be replicated in cancer cells without giving harm to normal cells. [58] This concept is different from gene therapy where a virus is used as a carrier for transgene delivery. For BC, an oncolytic virus (CG0070) destroying retinoblastoma (RB) pathway defective cells armed with GM-CSF was used for the treatment of recurrent NMIBC. [59] Of 35 patients, 13 had received single dose (up to 3x 10 3 virus particles); whereas the remaining 22 (28 days x 3 or weekly x6) patients had multiple doses. The authors reported that urine GM-CSF peaked in the second day of the treatment in 94.3% of the patients; which is correlated with the dose administered. The overall response rate was 48.6%; whereas it was found to be 63.6% for patients with multidose treatment. The minor side effects of mainly lower urinary symptoms were noted except one patient who experienced transient grade 3 lymphopenia. A phase III single arm study is ongoing by using this treatment in patients who were unresponsive to BCG therapy and refused cystectomy (NCT02365818). Meanwhile, a recent in vitro study has shown that BC tissue-specific adenovirus improved the antitumor efficacy of radiotherapy. [60] Thus, it is rational to consider that efficiency of anti-tumor treatments such as immune checkpoint inhibitors or chemotherapy might be increased with the addition of oncolytic virus therapy to these treatment alternatives.
Another application is use of a genetically engineered adenovirus for producing interferon α2b (IFN-α2b) for stimulating the local immune system. [61] In a phase I study, Dinney et al. [62] used intravesical recombinant adenovirus mediated IFN-α2b gene therapy in 17 BCG unresponsive patients. Of 14 patients treated with adequate dosage, 6 (43%) patients experienced complete response with an average duration of 31 months, whereas 2 patients were disease free at the last follow-up. disease free with a minimum follow-up of 23.9 months; including 2 patients receiving an additional course of treatment at 3 months. Furthermore, a recent study including 40 patients with BCG refractory or relapsing disease with a primary end point as recurrence-free survival revealed that 35% (14/40) of the patients remained free of HG recurrence at 12 months after the initiation of the treatment. [64] Of 11 patients with long-term (3 years) data, 8 remained free of disease during a period ranging between 15 and ≥36 months. Ninety-seven percent of the patients experienced adverse events, for majority (78%) of them adverse events were transient and classified as either grade 1 or 2. Meanwhile, a phase III multicenter study is also ongoing (NCT02773849).
Nanotechnology is already being used for the new drug delivery systems that increase the efficiency of the drug with controlled release of the substances leading to minimized side effects. As an example, nanoparticle albumin-bound paclitaxel (nabpaclitaxel) is widely used in metastatic breast and pancreas cancers with its facilitated drug delivery mechanism into tumor cells with albumin receptor mediated transport. In a phase I trial McKiernan et al. [65] used nab-paclitaxel in 18 patients with high risk NMIBC ineligible for cystectomy in patients who failed at least one (median 2) course of intravesical regimen as an induction therapy. The authors reported a complete response in 5 (28%) patients and no patient experienced significant side effects. At the phase II trial the same group reported the outcomes of 28 patients who experienced at least one course of failed BCG treatment. [66] Of these patients, 10 (37.5%) exhibited a complete response that was durable after 6 months of maintenance therapy. Overall, 19 of 28 patients remained with intact bladder after a mean follow-up of 21 months and RC free survival was calculated as 74%, 74% and 55% for 12, 24 and 36 months, respectively. Meanwhile, other products of nanotechnology such as paclitaxel and docetaxel loaded into hydrophobically derivatized hyperbranched polyglycerols or mucoadhesive polymers for delivering the drugs in a more efficient way to endothelium is currently being under investigation. [67, 68] Checkpoint inhibitors are one of the breakthroughs in BC and currently atezolizumab and nivolumab, monoclonal antibodies targeting PD-L1 on both the tumor and T cells have become almost the standard of care for patients with advanced and metastatic BC which progressed after platinum-based therapy. [69, 70] Currently some studies are recruiting patients using different regimens such as atezolizumab (NCT02792192, NCT02844816) and pembrolizumab (NCT02625961) and their outcomes are awaited.
Vaccines are systemic immunomodulators that aim the recognition of specific tumor-associated proteins. Currently three systemic immunomodulators are under investigation (Vesigenurtacel-L [HS-410], ALT-801 and PANVAC) and no clinical data is yet available. Among these, vesigenurtacel-L is made of an allogeneic cell line, has been selected for high expression of bladder tumor antigens to induce immune response over CD+ cytotoxic t-lymphocytes. [71] Despite lack of any clinical data , a phase 1 study has revealed an increased rate of tumor infiltrating lymphocytes (60% vs. 16%) after intradermal vaccine injections combined with BCG treatment. [72] Meanwhile, ALT-801 is a fusion molecule between IL-2 and t-cell receptor that enhances immune response by displaying target peptide/HLA complexes. [73] The ongoing phase Ib/II study (NCT01625260) basically evaluates systemic administration of ALT-801 with GEM. The primary end point is clinical efficacy which will be evaluated at 13 weeks; whereas duration of response, progression-free and event-free survival rates are to be evaluated in up to 3 years. Lastly, PANVAC is a vector based vaccine that contains tumor associated antigens (carcinoembryonic antigen and mucin-1) and costimulatory proteins (B7-1, ICAM-1, lymphocyte function-associated antigen 3 and aim to boost CD4 and CD8 dependent antigenic response. The ongoing phase II RCT (NCT02015104) aims to compare PANVAC in combination with BCG versus BCG alone. The primary outcome measure is DFS and the study is estimated to be completed soon.
Radiotherapy combined with chemotherapy is being used increasingly in muscle-invasive bladder cancer with certain indications. This is particularly attractive for patients with NMIBC for avoiding RC. However, a multi-intuitional RCT in the UK revealed no advantage of adding radiotherapy in terms of progression-free survival over conservative treatments defined as observation for single tumors and intravesical therapy (BCG or MMC) for multiple tumors or CIS. [74] Meanwhile, a non-randomized trial has shown comparable outcomes for RC as 89%, 19%, and 80% complete response, 5-year progression and bladder preservation rates, respectively. [75] The ongoing RTOG-0926 trial (NCT00981656) comparing 61.2 Gy radiation plus cisplatin or 5-FU/MMC in patients with recurrent disease after BCG treatment in a randomized-controlled study will provide conclusive evidence to this debate.
Conclusion
In this review, we have overviewed some alternative treatment options in NMIBC. Up to date, numerous molecules have been tested as an alternative to BCG. However, none of them has been found to be superior compared to BCG. Nevertheless, they have a role in patients in whom BCG is contraindicated and patients with BCG failure, those who have comorbidities or unwilling to undergo RC. Extensive research is being done to provide more effective therapies and many of them are under clinical assessment. Hopefully, less toxic options with better efficacy will be
